collection of expired gas was initiated when a significant increase in ventilation and heart rate 108 was achieved; our experience and judgement was used to determine when the subject would nm, and an autosampler operating at 4°C (Thermo Scientific, San Jose, CA events, such as marathons and half-marathons, at regional and national levels. In this study with endurance trained athletes flavanone bioavailability was assessed on the 294 basis of urinary excretion after OJ intake. Although plasma profiles can supply useful 295 information, unlike cumulative urinary excretion, they are not an accurate quantitative guide of 296 absorption because the presence of metabolites and catabolites in the circulatory system is 297 transient as they are rapidly removed from the bloodstream via renal excretion (18, 28, 29) .
298
Our previous OJ feeding study showed that excretion of hesperetin and naringenin 299 metabolites 0-24 h after OJ consumption corresponded to 16% intake, while excretion of 300 phenolic catabolites was equivalent to ~88% of (poly)phenol intake (18) . In the current 301 investigation, with a very different population of endurance trained male athletes, the ingestion 302 of OJ during training resulted in a lower level of excretion with 4.2% recovery of flavanone 303 metabolites in urine collected 0-24 h after intake ( Table 2 ). Excretion of phenolic catabolites 304 during training was also reduced, but not to the same degree, with 51% of (poly)phenol intake 305 appearing in urine (Tables 3 and 4 ). Bioavailability was increased significantly, but none-the-306 less marginally, when the athletes stopped training for 7 days at which point OJ consumption 307 resulted in a 5.2% excretion of flavanone phase II metabolites ( Table 2 ). The overall excretion of 308 phenolic catabolites was substantially higher than that of the flavanone metabolites, and 309 increased from 51% to 59% of intake after cessation of training, but the increase is not 310 statistically different (Table 4 ).
The data in Table 2 indicates that hesperetin-3'-O-glucuronide, the urinary main flavanone 312 metabolite, is a good biomarker of hesperetin and OJ intake while the information in Table 3 313 confirms the earlier suggestion (14, 18 ) that 3-(3´-hydroxy-4´-methoxyphenyl)hydracrylic acid, 314 because of its 3-hydroxy-4-methoxy structure, is also a key indicator of hesperetin 315 consumption. Many other phenolic compounds were also excreted in increased quantities after 316 OJ consumption, most notably 4´-hydroxyphenylacetic acid ( with a number of products or following in vitro fecal incubations (3041) and, thus, are not 319 specific indicators of flavanone intake.
320
The markedly lower levels of flavanone metabolite excretion by the endurance trained 321 volunteers compared to our previous study with less active subjects (4.2% vs 16% of intake) 322 could be due to a more rapid rate of gastrointestinal transport in the athletic subjects (20) .
323
Detailed analysis of plasma pharmacokinetic profiles of (poly)phenol metabolites and catabolites 324 obtained with the current study will be the topic of a separate publication. However, the profiles 325 for hesperetin-7-O-glucuronide and ferulic acid-4'-sulfate shown in Figure 3 in the 326 Supplementary Information indicate that cessation of training for 7 days had no discernible 327 impact on gastrointestinal transport of flavanones, unlike co-ingestion of OJ with yogurt 328 demonstrated in an earlier study (42) . 329 Endurance training has been reported to bring about changes in the colonic microbiota These events could inhibit gut function and further reduce the absorption of the flavanone Urinary excretion of flavanone metabolites 0-24 h after the ingestion of 500 mL of orange juice in trained and detrained states [1] [2] [3] 4.8 (4.8%) 3 1 The orange juice contained 330 µmol of flavanones (76 µmol naringenin-O-glycosides, 250 µmol hesperetin-O-glycosides, 4 µmol eriodictyol-7-O-rutinoside). 2 Data are presented in µmol as mean values ± SE (n=10) and in bold italics as a percentage of intake. 3 Significant increase in the excretion by the detrained volunteers (P<0.05, Wilcoxon signed rank test).
TABLE 4
Summary of the quantities of total flavanone metabolites and phenolic colonic catabolites excreted in urine 0-24 h after the consumption of 500 mL of orange juice by 10 endurance trained athletes in and 7-day detrained states. [1] [2] [3] [4] 1 The juice contained 398 µmol of (poly)phenols including 330 µmol of flavanone. Values for phenolic catabolites background subtracted. 2 Data expressed in µmol and in bold as a percentage of intake. 3 Significant increase in the excretion of mean total metabolites (n = 10) following cessation of training for 7 days compared to the trained state (P<0.05, Wilcoxon signed-rank test) 4  indicates an increase with individual subjects following 7 days cessation of training 
